Purification of clusters with BuOH was done by mixing 300 µL cluster solution, 400 µL BuOH and 100 µL methanol in an Eppendorf vial. The vial was briefly centrifuged to speed up phase separation, and the upper colourless organic layer was removed. Next, 300 µL BuOH was added, the vial was shaken and centrifuged, and the organic layer was again removed. This was repeated until the clusters had just sedimented. Typically, 3-5 extractions with BuOH were needed. After removing the final organic layer and washing with methanol (50-100 µL), the clusters were redispersed in water (50-100 µL). Figure S1 shows that purification significantly improves the signal/noise ratio of the cluster ion signals. Purified samples are also easier to measure and have a more stable spray. Theoretical mass spectra were calculated using ChemCalc 1 with full width at half maximum = 1. In calculating theoretical mass spectra, we assume that neither of the two S-atoms in LA is present as a thiol (thus LA is C 8 H 14 O 2 S 2 ). Figure S1 (a) Mass spectra of samples with and without purification by BuOH, normalized to the maximum intensity in the entire spectrum. (b) and (c) show close-ups of the ion signals of the clusters in the overall z = 5− and z = 4− charge states, normalized to the maximum intensity in this region of the mass spectrum. The compositions of the species are written beside the figure. In (b), the cluster signal consists of 11 peaks, in (c) it consists of 12 peaks. These are the different values of x (the number of H + /Na + exchanges).
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S2.2 Full m/z range of mass spectra during synthesis
Figure 3 in the article shows only the m/z region 1000-2250. Full spectra are shown in Figure S2 . Below m/z 1000, there are numerous ion signals, especially in the region m/z 200-600. These appear in groups, separated by ∆m/z = 18 which may correspond to the addition of H 2 O. We were not able to assign any composition with Ag to these species. Each group contains two ion signals with near identical intensity. Ag occurs as two isotopes, 107 Ag and 109 Ag, with similar abundance. However, the spacing between two experimental signals is only ∆m/z = 1 (rather than the expected ∆m/z = 2 for the difference between 107 Ag and 109 Ag in the z = 1− charge state). We therefore deem it unlikely that these signals originate from species with Ag. The species may consist of LA, salts and BuOH from the purification. As no significant changes occur in the relative intensities of these signals, we do not investigate their composition further. 
S3
S2.3 Mass spectra of samples with additional salt
Mass spectra of Ag 29 clusters (previously prepared and during synthesis) occasionally show a bidisperse distribution of Na + adduct ion signals, as well as additional ion signals which can't be explained from the composition Ag 29 (LA) 3 -12 . Some of the aliquots shown in Figure 3 show such additional signals around m/z 1500. These same signals are observed when NaCl is added to a purified cluster sample, as shown in Figure S3 . for all possible H + /Na + exchanges is shown in solid blue. The difference in Na + adduct peak distribution can be clearly seen, and a number of new, heavier species are marked with an asterisk.
S2.4 Theoretical mass spectra of clusters observed during synthesis
A number of clusters smaller than Ag 29 (LA) 3 -12 are observed in mass spectra during synthesis. These are Ag 29 (LA) 2 -11 , Ag 28 (LA) 2 -11 and Ag 26 (LA) 2 -10 . Spectra of these clusters, together with theoretical spectra, are shown in Figure S4 . Theoretical mass spectra were calculated using ChemCalc 1 with full width at half maximum = 1. In calculating theoretical mass spectra, we assume that neither of the two S-atoms in LA is present as a thiol (thus LA is C 8 H 14 O 2 S 2 ). 
S3 EXAFS
S3.1 Radiation damage during EXAFS
After recording EXAFS of previously prepared clusters, we removed one sample from the capillary and recorded a UV-Vis absorption spectrum to determine the extent of radiation damage. To distinguish between the influence of the concentration process and the exposure to X-rays, we also recorded an absorption spectrum of clusters that had been concentrated and then stored in the lab for around an hour. Results are shown in Figure S5 . It is clear that both concentration and X-ray exposure make the absorption peaks only slightly less pronounced, so we consider radiation damage to be limited. 
S3.2 EXAFS with two Ag-Ag scattering paths
EXAFS of concentrated Ag 29 clusters is shown in Figure 4 in the main article. Using two Ag−Ag scattering paths does not significantly improve the fit, as seen in Figure S6 . Parameters are given in Table S1 . The Debye-Waller factor of the second Ag−Ag path was constrained to 1.5× that of the first path. 2 Using 2× rather than 1.5× did not significantly affect the fit. Table S1 .
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Parameter Ag−S Ag−Ag (1) Ag−Ag (2) CN 1.36 ± 0.24 1.33 ± 0.94 1.82 ± 1.29
2.47 ± 0.01 2.80 ± 0.06 2.98 ± 0.10 σ 2 (10 −3 Å 2 ) 5.13 ± 2.1 12.1 ± 7.9 18.1* E 0 (eV) 4.8 ± 1.7 5.0 ± 3.7 * Fixed to 1.5 × σ 2 of Ag−Ag (1).
Table S1
Structural parameters of Ag clusters from EXAFS analysis. CN is the coordination number, R the bond length, σ 2 the Debye-Waller factor and E 0 the energy shift. The fit is done using one Ag−S and two Ag−Ag scattering paths, and is shown in Figure S6 . For this fit, R-factor = 0.014 and reduced χ 2 = 74.The amplitude reduction factor is not taken into account (i.e, S 2 0 = 1) for the values in the table. From fitting of Ag it can be estimated to be 0.9.
S3.3 EXAFS during synthesis
EXAFS was recorded of Ag 29 clusters during synthesis. Spectra and selected fits are shown in Figure S8 . The coordination numbers of these selected fits are shown in Figure S7 in dark colours. Coordination numbers obtained from other fits are shown in lighter colours. These spectra were analyzed using a short k-range. The effect of k-range on the spectrum is shown in Figure S9 . Figure S8 . Lighter colours are results of other fits, using fewer constraints, different software or scattering paths calculated from different materials. The times are the start of each EXAFS measurement, measured from the addition of NaBH 4 to the synthesis mixture. In the main article, Figure 5 , the same data points are represented as box plots. . Spectra were calculated with FEFF and processed with Athena, using parameters as described in the experimental methods section. An overall Debye-Waller factor of 0.010 Å 2 was added using the SIG2 card.
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S4 XANES
S4.1 Radiation damage during XANES
During XANES, UV-Vis absorption spectra were recorded using a flow cuvette built into the liquid jet setup. Absorption spectra of the sample at the start and end (∼ 7 h later) are shown in Figure S10 . X-ray exposure makes the absorption peaks only slightly less pronounced, so we consider radiation damage to be limited. 
S4.2 Calculations
The spectral features of the Ag 29 XANES spectrum could be reproduced with reasonably accuracy with FEFF calculations. These were done using two different core-hole treatments; the final state rule (FSR) and no core-hole (None). In the first case the core-hole is self-consistently screened. In the second case it is ignored; this has been found to more accurately reproduce the intensity just above the L 3 -edge for 3d metals 3 , but also for Pt nanoparticles 4 and Au 5 . While the calculation without a core-hole gave a more accurate intensity, it does not reproduce the two features above the edge. Instead, only one is observed. FDMNES calculations, shown in the article, show better agreement with experiment.
The cluster is assumed to have the same structure as Ag 29 (BDT) 12 (TPP) 3 -4 , 6 shown schematically in Figure S11 . FDMNES calculations were done for each of the 29 Ag atoms in the cluster. A spectrum for each of the 4 representative sites is shown. For the calculations, TPP is removed as it is not present in our clusters. As can be seen from Figure S11 , both ico and shell sites have a spectrum that is in good agreement with the experiment. The centre site has an intense whiteline, while the ext spectrum is nearly featureless, probably due to the long distance to the nearest ligands. 
